Abstract A begomovirus associated with yellow mosaic disease in lima bean (Phaseolus lunatus) was cloned, sequenced. The virus has a bipartite genome of which DNA-A is 2745 nucleotides length and DNA-B 2669 nucleotides, and has a typical bipartite begomovirus genomic organization from the Old World. The sequences showed the highest levels of nucleotide identity (99.2 % for DNA-A and 98.9 % for the DNA-B) to the 'Indian' strain of Mungbean yellow mosaic India virus (MYMIV).
Introduction
Geminiviruses have circular, single-stranded DNA (ssDNA) genomes that are encapsidated in characteristic twinned quasi-icosahedral particles. It is the family Geminiviridae that "consist" of four genera (Topocuvirus, Curtovirus, Mastrevirus or Begomovirus) based upon genome arrangement, insect vector and sequence relatedness (Stanley et al. 2005) . Begomoviruses are transmitted by the whitefly Bemisia tabaci and are the most economic damage among all Geminiviruses. All begomoviruses originating from the New World (NW) typically have genomes consisting of two components, known as DNA-A and DNA-B, both of which are required for virus infectivity. In the Old World (OW), although there are a small number of bipartite begomoviruses, the majority have only a single genomic component, which is a homolog of the DNA-A of the bipartite begomovirus. A small proportion of these monopartite begomoviruses are truly monopartite; their single component induces disease in plants in the field, such as Tomato leaf curl virus in Australia (Dry et al. 1993) . Both DNA-A and DNA-B components of bipartite begomoviruses share little sequence similarity with the exception of an approximately 200 bp sequence with high nucleotide identity (80-100 %) that contains the origin of virion-strand DNA replication.
The begomovirus genomes are typically∼2.8 kb nucleotides in length and encode genes both in complementary and virion sense from a non-coding intergenic region that contains promoter sequences and the origin (ori) of virionstrand DNA replication. The ori consists of a predicted hairpin structure that contains the absolutely conserved (for geminiviruses) nonanucleotide (TAATATTAC) loop sequence and repeated motifs upstream known as iterons. The virion-sense strand encodes the genes required for insect transmission and movement in plants, coat protein (CP) and V2 protein. The complementary-sense strand encodes the following proteins: the replication-associated protein (Rep) required for viral DNA replication, which is a rolling circle replication initiator protein that recognizes the iterons and nicks within the nonanucleotide sequence to initiate replication (Hanley-Bowdoin et al. 2004) ; the transcriptional activator protein (TrAP), which for bipartite begomoviruses up-regulates the late (virion-sense) genes, is a suppressor of post-transcriptional gene silencing (PTGS) and overcomes virus-induced hypersensitive cell death (Hussain et al. 2007) ; the replication enhancer protein (REn), which is involved in creation of an environment favorable for virus replication (Settlage et al. 2005) ; and the C4 protein, for which the function remains unclear but for some viruses is a pathogenicity determinant and a suppressor of PTGS (Saeed et al. 2008) .
Lima bean (Phaseolus lunatus) is an important food crop widely distributed in areas of Nepal and frequently exhibits yellow mosaic symptoms that are typical of begomoviruses. P. lunatus plants that showed yellow vein and mosaic symptoms were collected from different fields in the vicinity of Chitwan, Nepal ( Fig. 1 ). Total genomic DNA was extracted from symptomatic and non-symptomatic leaf tissues using the PhytoPure™ Plant DNA Extraction Kit (GE Amersham Biosciences, Little Chalfont, UK). Begomovirus degenerate primers UPV1/UPC2 specific for DNA-A were used in PCR (Briddon and Markham 1994) . A PCR product of the expected size (approximately 2.6 kb) was amplified from all symptomatic plants, and no amplification products of the expected size were obtained from healthy or asymptomatic plants, confirming the association of a begomovirus with the disease. When used as a probe in Southern hybridization, a full-length clone of Tobacco leaf curl Japan virus detected characteristic viral DNA forms and further confirmed the association of begomovirus with the disease (results not shown). To sequence the remaining DNA region, additional specific primer pairs LMF/LMR (5′- Fauquet et al. (2008) . The database accession numbers are indicated for each isolate CTGCAGTGATGGGTCCCC-3′/5′-CTGCAGCTCAAG CATGGA-3′) with the Pst1 restriction site were designed and used for PCR to amplify the full-length begomovirus DNA-A component. PCR products of expected size was cloned into the pGEM® T-vector (Promega). Rolling circle amplification (RCA) using Φ29 DNA polymerase (Fermentas, Arlington, Canada) was performed to amplify DNA-B of bipartite begomovirus as described previously (Nahid et al. 2008 ). The RCA product was digested with different endonucleases (BamHI, SacI, SalI, NcoI, HindIII, KpnI, and XhoI). Approximately 2.7 kb fragment generated by BamHI was purified and cloned. Multiple clones were obtained by PCR/RCA, and a few clones from each amplification (both for DNA-A and the DNA-B) were selected and sequenced in their entirety in both orientations using a primer walking strategy by Macrogen, Tokyo, Japan. No DNA satellite was detected using DNA101/ DNA102 and bet01/bet02 specific primers for DNA satellites (Briddon et al. 2002; Bull et al. 2003) . Sequences were assembled and analyzed with the aid of the Lasergene software package (DNAStar, Madison, WI, USA). Open reading frames (ORFs) were predicted with the ORF Finder online tool (http://www.ncbi.nlm.nih.gov/projects/gorf/) and GeneQuest software (Lasergene). Multiple sequence alignments were compiled with Clustal X (Thompson et al. 1997) . Phylogenetic trees were constructed using the neighbor-joining method with Clustal X, and were displayed, manipulated and printed using Treeview (Page 1996) . (Table 1 and 2). Based on recently proposed criteria for distinguishing strains of begomoviruses (Fauquet et al. 2008) this indicates the the isolate from Nepal is of the "Indian" strain, for which we proposed the isolate descriptor Mungbean yellow mosaic Indian virus-India[Nepal:Chitwan:2010] (MYMIV-IN[NP: Chw:10]). The phylogenetic analysis of Nepal isolates group with the isolate of "India" strain that support the conclusion. (Fig. 2 a; DNA-A and b; DNA-B) . This is the first report of the occurrence of MYMIV in lima bean in natural condition in Nepal. MYMIV is an important pathogen of bean crops in India and has only a limited host range in Pakistan and Bangladesh, but does not seem to be a significant pathogen in Nepal where beans are widely distributed throughout the country. But recent study suggested the prevalence of this pathogen particularly in lima bean in Nepal. Most probably MYMIV spread from India because Chitwan is close to the Indian border and there is no physical barrier between them and whitefly can move freely between both countries or may be it has been disseminated through trade by land/air routes. Previous studies reflect the transfer of different viruses from neighboring countries because of trade or by dispersal of the whitefly vector (Ilyas et al. 2010) . However, the viruses found in India and neighboring countries are often related owing to their geographical proximity and lack of natural barriers, which might be the case in the present situation (Shahid et al. 2007 ).
